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CHAPTER I 
INTRODUCTION 
Concern has grown in this state due to the amount of agricultural chemicals 
applied to farmer’s fields. Efforts have been initiated by regulatory agencies to 
restrict or even ban commonly used pesticides, many of them com herbicides. Peter 
Veneman, a soil scientist at the University of Massachusetts in Amherst, states that 
reducing the amount of pesticide applied to the soil will reduce the potential for 
leaching. The object of this thesis was to study the effectiveness of reduced rates of 2 
very common com herbicides, metolachlor and atrazine, on weed response and com 
yield. Convincing growers that lower rates of these herbicides can be used with 
acceptable weed control and good yields will aid in keeping these herbicides as a 
viable option in the future. 
The main theory employed in this study is taken from research implemented 
by Akobundu et al. (1973). These researchers found that the amount of the 
herbicides alachlor (a very similar compound to metolachlor) and atrazine could be 
reduced by delaying the application until early postemergence to the com. Three 
years of research was implemented employing this concept in order to demonstrate to 
growers that the amount of herbicide can be decreased. 
Chapter II is a literature review which allows the reader to become familiar 
with much of the research that has been completed in related areas to the focus of this 
thesis. 
1 
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Chapter III describes experiments that studied the effects on weed control and 
com yield due to the time of application of metolachlor and atrazine. This 
experiment was implemented in 1988 and again in 1989 at the Research Farm of the 
University of Massachusetts in South Deerfield, Massachusetts. 
Chapter IV describes experiments that studied the effects of 5 reduced rates of 
metolachlor and atrazine, in combination with 2 cultural practices, on weed pressure 
and com yield. The 2 cultural practices were application of the herbicide (broadcast 
or banded) and cultivation (presence or absence). There were 4 separate experiments 
with the same experimental design. These experiments were also implemented at the 
Research Farm of the University of Massachusetts. 
Chapter V describes on farm implementation of reduced rates of these 2 
herbicides. In 1987, a replicated experiment was implemented on 14 farms across the 
state of Massachusetts. At each farm, 5 rates of BICEP (a formulation of metolachlor 
and atrazine) were studied. In 1988, a non-replicated study was implemented at 4 
farms across the state with 2 rates of these herbicides at each site. 
Chapter VI gives the conclusions by the author based on the research detailed 
in Chapter’s III, IV and V. Chapter VII lists the references cited in this thesis. 
CHAPTER II 
LITERATURE REVIEW 
2.1 Introduction 
Com is the third largest cultivated food crop in the world, after wheat and 
rice, with 405,460,000 hectares planted in 1988. The Unites States is the largest 
producer of com in the world with 125,003,000 hectares planted in 1988 (FAO, 
1989), and it is the major cultivated crop in Massachusetts with 19,344 hectares in 
field and sweet com planted in 1986 (Barker and Derry, 1986). In New England 
field com is the primary feed for the dairy industry while sweet com is the principal 
vegetable crop and a mainstay of the roadside market industry. 
Recently environmental pressure has grown due in part to the contamination of 
groundwater by some of the pesticides used in agricultural production (Leonard and 
Knisel, 1988; Abdalla and Libby, 1987; Clancy, 1986). The amount of herbicide 
used in agricultural production in this country has increased dramatically in recent 
years. In 1966, there were approximately 280 million pounds of insecticides, 
herbicides and fungicides applied to agricultural production in the United States of 
America. Herbicides constituted 40% of this total. By 1987, there were an estimated 
510 million pounds of these three pesticides applied with herbicides accounting for 
74% of the total (Pesek, 1989). Despite this impressive use of herbicides there has 
been minimal contamination of the groundwater (Schweizer, 1988). 
3 
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The Environmental Protection Agency (EPA) sampled more than 1300 wells 
across the country between April 1988 and February 1990. From this survey it is 
estimated that 10.4% of community water systems and 4.2% of rural domestic 
drinking water wells have at least 1 detectable pesticide. However, this study 
estimates that none of the community water systems and only 0.6% of the rural 
domestic drinking water wells are above the Health Advisory Level (HAL). 
Over 50% of the population in the United States uses groundwater for drinking 
water. Even though most pesticides found in the groundwater samples are far below 
acute toxic (poisonous) levels, there are uncertainties about the potential long-term 
chronic health effects (e.g. cancer, immune system effects, etc.) (Hallberg, 1987). It 
is important to implement strategies that will preclude contaminating the groundwater 
since they will be more effective and cost less than trying to clean up the groundwater 
after it is contaminated (Schweizer, 1988). 
Diverse elements of society differ in their preference for the length of 
persistence of herbicides and other biologically active materials in the environment. 
An agronomist would like to have an herbicide be persistent long enough to provide 
season-long weed control. Public health officials are becoming increasingly 
concerned about environmental contamination and therefore would like the persistence 
of the herbicides to be quite short (Collins et aL 1973; Shubba-Rao et al. 1987). 
At a symposium entitled "Conference on Weed Control with Less Reliance on 
Herbicides" on July 7,1986, sponsored by Massachusetts Cooperative Extension and 
the Massachusetts Agricultural Experiment Station, Professor Peter Veneman 
5 
addressed the issue of chemical migration into the groundwater. He stated that 
several factors influence this process, foremost among them being solubility of the 
material applied, binding capacity of the soil, degradation, depth of the water table, 
and the amount of material applied (Veneman, 1986; Leonard and Knisel, 1988). 
At this same conference on weed control. Professor Robert Sweet of Cornell 
University pointed out that the agricultural chemical companies would like their 
products to be effective in as many cases as possible in order to promote repeat sales. 
The cost of bringing 1 compound to market involves the screening of approximately 
12,000 compounds, 10 years of research and development, costing some 28 million 
dollars (Swan, 1985). With this type of economic investment these corporations want 
to ensure that their product is going to perform in as many cases as possible. 
Therefore, although the majority of weed species are controlled by relatively low 
rates of herbicides, in order to get the hard-to-handle "problem" weeds, high rates are 
recommended (Sweet, 1986). 
It was also stated at this conference that most Cooperative Extension 
recommendations for crop production follow these high rate applications. And the 
farmer, unless concerned about carry-over dangers in which the herbicide adversely 
affects next year’s crop, has tended to use higher rates in order to get good weed 
control. Such practice is logical when one considers the problems associated with 
poor weed control versus the relatively low costs of the herbicides. Unfortunately 
this practice of using high rates of the herbicide can increase the potential for 
groundwater contamination (Sweet, 1986; Veneman, 1986). 
6 
Since the number of binding sites is fixed by the soil type, the probability of 
binding the chemical in the soil layer where degradation occurs is reduced and the 
chances for leaching are increased when large amounts of a pesticide are applied to 
the soil. Conversely, applying low levels of pesticide increases the chances of 
binding, breakdown, and inactivation of the material (Veneman, 1986). 
If growers continue to use herbicides at the current rates there is the distinct 
possibility that the regulatory agencies will make these compounds unavailable. 
Cashman et al. (1981) took the initiative to study the economic consequences of bans 
on com and soybean herbicides commonly used in Indiana farming systems that 
employ a corn-soybean rotation. The authors speculated on the banning of all of the 
triazine family of herbicides. They then ran a simulation model replacing triazine 
herbicides with alachlor and linuron for com and chloraben and linuron for soybeans. 
The yields were based on previous studies using these compounds. The drop in yields 
and income revenue with these replacement herbicides resulted in a 57 % loss in net 
farm revenue. 
In com specifically, net returns ($/ha) went from $616/ha to $533/ha with a 
ban on all triazine herbicides. With a ban on the amide herbicides (e.g. metolachlor) 
the net returns went from $616/ha to $508/ha. These authors recommend that more 
work should be done in producing new herbicides so that if some of these very 
important compounds are taken off the market growers will have other options 
available (Cashman et al., 1981). 
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The objective of this chapter is to review previous research that has concerned 
itself with implementing weed control measures that would reduce the need for 
chemical herbicides. 
2.2 Biological Control 
Biological control for the management of weeds is the introduction of a living 
natural organism that will control weed species (Andres, 1982). In spite of the 
amount of research that has been conducted in this area there have been only isolated 
successes and limited commercial adoption of these practices. Freeman and 
Charudattan (1980), states that biological control in the agricultural sciences is behind 
the times in general, particularly in weed science. 
The control of weeds by biological means has always been an attractive 
concept. If control can be maintained with an agent that will survive perennially, the 
cost of the weed control is limited to the finding, evaluating and releasing of the 
biological agent. Even if the biological agent has to be released on an annual basis, 
incentive to implement this strategy would remain since this method would most likely 
not be as detrimental to the environment as chemical control means (Grabau and 
Spencer, 1976). 
Altieri and Doll (1976) state that one of the main reasons biological control of 
weeds has not been widely successful is that many of the noxious weeds have to be 
controlled very early in their life cycle in order to avoid economic yield loss later in 
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the growing season. This is often very difficult to achieve with biological control 
methods since there must be time allowed for the released agent to build up 
populations sufficient to control the pest (Kremer and Spenser, 1989). Another 
reason for the limited success with insect releases is that many of the problem weeds 
are C4 plants which are inferior sources of food to insects than Q plants (Altieri and 
Doll, 1976). 
Another barrier to the proliferation of the release of living organisms into 
farming systems to control weeds is the concern what these organisms will go beyond 
controlling the target pests. Since these introduced organisms have plants (as opposed 
to insects or pathogens) as their food source, there is concern that the released 
organism could favor economically viable crops. Andres (1980) cites the example of 
2 promising insects as potential biological control agents of field bindweed 
(Convolvulus arevemis). Before they can be released in the wild they must be 
extensively tested against sweet potato and other convolulaceous plants before they 
will pass the guidelines that have been established for the introduction of an exotic 
organism into the environment (Klingman and Coulson, 1982). 
Many of the tests required to certify that a released organism will not infect 
non-target crops do not adequately reflect real situations. The harshness of these 
restrictions is causing increased delays in the approval of potential biological control 
agents. For example, it is the convention in biological weed control tests to put the 
insect in cages with economically important crop species in order to see if this 
released insect will eventually favor this non-target crop species. Research has shown 
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that when an insect is put in a cage where there is only one plant species the test 
insect will oftentimes feed and oviposit on this species even though it would not 
prefer this plant species in the wild. It has been suggested that the extensive use of 
cages is not simulating what would really happen in the wild and therefore is not a 
valid method for evaluating these biological control agents (Dunn, 1976). 
Booth (1988) states that another important impediment to wider adoption and 
use of many biological control methods was the broad language of the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA). This act defines a pesticide as 
"any substance or mixture of substances intended for preventing, repelling or 
mitigating any pest." The author points out that this language suggests that the 
agency would consider "manatees as herbicides, mongooses as rodenticides and 
goldfish as insecticides". Consequently, many environmentally benign control 
strategies have to undergo extensive tests which dramatically increase the production 
costs. 
Another barrier to the use of biological control in agricultural systems is that 
they are often times not compatible with conventional (e.g. chemical herbicides, 
tillage) practices (Andres, 1982; Phatak, 1987; Charudattan, 1986; Bruckart et al., 
1988; Templeton, 1986; Khodayari and Smith, 1988). 
It should be recognized that there is an important difference in the biological 
control of weeds in many agricultural systems compared to the biological control of 
insects or pathogens. Successful biological control of 1 insect or pathogen may 
obviate the need for insecticides or fungicides to be used on a given commodity. 
10 
Most cultivated crops, however, have many weed species (Chancellor, 1979) that are 
effective competitors. Even if 1 weed species is controlled biologically, cultivation or 
herbicides may still have to be employed in order to control the remaining weed 
species. 
Examples where the control of 1 weed species would eliminate the need for 
chemical control methods are rangeland and aquatic systems (Harris, 1971; Hasler, 
1980; Charudattan, 1986). By releasing the cinnabar moth {Tyria jacobaeae) and the 
ragwort flea beetle (Longitarsus jacobaeae) there was a dramatic decrease in the 
pasture weed ragwort {Senecio jacobaea). The theory here is to drive this particular 
pest to low levels and maintain it there so that more desirable vegetation (i.e. other 
less pernicious weeds) can replace it (McEvoy, 1989). 
2.2.1 Insects 
Perhaps the greatest success story in biological control of weeds has been the 
control of the cacti prickly pear {Opuntia spp.) in India and especially Australia. In 
Australia, this genus infested an estimated 30 million hectares of rangeland in 1925. 
It had been previously observed that the prickly pear was controlled biologically in 
India through serendipity. Field releases were conducted in Australia of Cactoblasti 
cactonm and Dactylopius opuntiae in 1926; between the years 1929 and 1932 over 2 
billion eggs were released. By 1933 the weed was no longer a problem (Hasler 
1980). 
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Hasler (1980) ironically points out that one problem with this project was that 
it was too successful. Now the success of many biological control projects is being 
measured against the accomplishments made by the control of the prickly pear. In 
this sense it was an unfortunate precedent. 
Of 51 insects introduced by the Australians against the prickly pear, they 
found 5 that were effective. This type of massive testing in the field would not be 
allowed today due to increased government-imposed testing procedures that have to be 
met before such releases would be allowed (Harris, 1980). 
Another successful use of biological weed control has been in the control of 
Waterhyacinth (Eichhorinia crassipes) with the use of both insects and a fungus. 
What makes this success even more exciting is that the use of certain herbicides does 
not inhibit the insect so that the two control measures can enhance each other. 
However, the herbicides do decrease the efficacy of the pathogen (Charudattan, 
1986). 
Even though the control of Waterhyacinth with the use of introduced biological 
control methods has had success, it also reveals some of the limitations of biological 
control. When an immediate solution is desired the use of either the insects or the 
fungus separately or both together without the use of an herbicide is not economically 
viable since the biological control agents alone do not act quickly enough. In this 
instance a chemical herbicide has proven the most effective (Charudattan, 1986). 
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2.2.2. Pathogens and Mycoherbicides 
Prior to 1970 there was relatively little accomplished in the area of exploiting 
plant pathogens as biological control agents of weeds. In the early 1970’s there was a 
dramatic increase of research in this area which was due in part to rising costs of 
fossil fuels and a heightened environmental awareness. Pathogens hold strong 
possibilities as control agents of weeds as they are numerous, diverse, often self- 
propagating, and sometimes host-specific. Pathogens that have plants as hosts are 
also unlikely to cause direct adverse effects to man or animal (Freeman and 
Charudattan, 1980). 
Freeman and Charudattan (1976) give a historical perspective of the work that 
has been accomplished with the use of pathogens in weed control. Evaluation and 
introduction of exotic plant pathogens for biological control of weeds in the United 
States takes place at the Plant Disease Research Laboratory (PDRL) in Frederick, 
Maryland. The following is the sequence used by the PDRL in determining the 
efficacy of an introduced pathogen: (1) Determine the target weed; (2) Collect the 
weed pathogen; (3) Evaluate the pathogen for aggressiveness on the target weed and 
specificity relative to the target weed (i.e safety around non-target plants); (4) Obtain 
permission to release the pathogen; (5) Conduct a full-scale release; (6) Conduct 
follow-up studies (Bruckart and Dowler, 1986). 
Many of the major weeds in the United States and Canada are not indigenous 
to the North American continent. These weed species often establish themselves 
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without the complement of natural enemies that would hold these pests at more 
manageable levels (Bruckart and Dowler, 1986). For this reason it is wise to look 
beyond our own borders for pathogens that might be successful control agents against 
these introduced pests. 
The current emphasis at the PDRL is on rust fungi that are pathogenic to weed 
species. Most are obligate parasites, not host specific, readily disseminated by 
airborne propagules, easier to identify by laymen than many other pathogens, and 
easily shipped (Bruckart and Dowler, 1986). 
Ideally plant pathogens for biological control of weeds should be effective over 
a wide geographical area. However, research has shown that this is not always the 
case. For example, Puccinia canaliculata has considerable potential for use as a 
biological control agent against yellow nutsedge (Cyperus esculentus). Bruckart et al. 
(1988) found that this fungus was selective in its infection depending on the origin of 
the yellow nutsedge. They found that P. canaliculata isolated from the Georgia area 
only infected yellow nutsedge from Georgia. Yellow nutsedge obtained from other 
states was not infected by the biotype of P. canaliculata from Georgia. This would 
obviously be a problem in the commercial exploitation of this pathogen. 
Another major drawback with the use of fungi as biological control agents is 
their need for adequate moisture. Boyette and Walker (1985) found a fungus 
(Fusarium lateritiun) that was moderately successful in controlling prickly sida {Sida 
spinosa) and velvetleaf (Abutilon theophrasti) when released in the field when there 
was adequate moisture. The following year the level of control decreased 
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dramatically due to the high temperatures and drought conditions that persisted. 
These authors suggest that this fungus should be applied in conjunction with 
irrigation. 
Hodgson et al. (1988) found that the optimum conditions for infection of 
velvetleaf by another fungus, Colletotrichum coccodes, were 18 or more hours of free 
moisture on the leaf surface and an air temperature of 24 C. If these conditions are 
not met the effectiveness of the fungus decreases accordingly. 
Bruckart et al. (1988) found another disadvantage with the use of pathogens as 
biological control agents in their work with P. canaliculata and yellow nutsedge. As 
has been stated above, the use of biological control agents is often incompatible with 
chemical control methods. When the fungicides bentazon was applied as part of the 
management system, the disease incidence on yellow nutsedge due to the fungus was 
significantly reduced. 
One commercial success of the use of pathogens as a biological control agent 
of weeds has been with the development of Devine, a formulation of the fungus 
Phytophthora palmivora for control of stranglervine (Morrenia odorata) in citrus 
groves in Florida. It was the first product to be fully registered as a mycoherbicide 
by the EPA (Kenney, 1986). 
The marketing of this mycoherbicide reveals some of the potential problems 
that can be faced by the commercial sector in trying to develop such a commodity. 
One potential problem is that these living organisms are oftentimes short-lived or are 
very sensitive to manipulation in the industrialization process. In the case of Devine 
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it was impossible to develop a stable formulation. The present formulation has to be 
handled in a similar fashion as milk. It has to be refrigerated with a normal 
expiration date of six weeks (Kenny, 1986). 
Another problem from the commercial sector’s point of view is that Devine is 
too effective. Groves that were treated between 1978 and 1980 were still 
experiencing 95 to 100% control of stranglervine in 1986 (Kenney, 1986). It is an 
expensive process to market one of these compounds so that, if a grower only needs 
to apply it once and the pathogen persists from year to year, it probably would not be 
considered an economically viable venture. 
College is another commercially developed mycoherbicide that has been used 
for control of northern jointvetch (Aeschynomene virginica) in rice and soybeans in 
Arkansas. It consists of dried living fungal spores (conidia) of the fungus 
Colletotrichum gloeosporioides. It has been formulated as a wettable powder 
containing 85 % inert material and 15 % spores. Since EPA does not require as 
stringent tests for mycoherbicides as it does for many chemical pesticides, it is 
estimated that the cost to bring this compound to market was between 1.2 and 2 
million dollars (Templeton, 1986), as compared to the estimated 28 million dollars 
needed to bring a chemical compound to the market (Swan, 1985). 
College provides better than 90% control of northern jointvetch when used 
according to the label. It has been observed that a majority of the growers that used 
this product in 1982 used it again in 1983, demonstrating confidence in its 
effectiveness. What is needed now are postemergence herbicides that are compatible 
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with this compound and can be employed to augment the control of Collego (Bowers, 
1986). Unfortunately, trials with this compound have demonstrated another potential 
problem with using these compounds in an integrated weed management program; it 
is destroyed or impaired by many pesticides, especially those that use oil-based 
carriers (Templeton, 1986). 
It is important to test these biological control agents with all of the chemical 
compounds available since there could be a difference in compatibility. Khodayari 
and Smith (1988) found that the effectiveness of the mycoherbicide Collego was 
decreased with the use of the fungicides benomyl or propiconazol while it was not 
inhibited by the use of the fungicide pencycuron. 
2.2.3. Microbial Phytotoxins 
Phytotoxic natural compounds are primarily the products of either plants or 
microorganisms that can control agricultural pests. Using natural product chemistries 
as the basis for new pesticides has been successful with insecticides (e.g. pyrethroids). 
Natural compound chemistries may offer several potential advantages over chemical 
herbicides such as novel chemistries, environmental safety, and selectivity (Duke and 
Lydon, 1987). 
Many of the companies that produce pesticides are not receiving what they 
consider to be the necessary economic return on these compounds. One reason is that 
the chemistry needed to produce some of the newer herbicides is getting more 
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complicated so that they are more expensive. It is suggested that it is this impetus 
that will spark the need to look at natural compounds for weed control in the same 
way that entomologists have in the case of pyrethroids (Duke and Lydon, 1987). 
There has been much research and interest in the use of microbial phytotoxins 
for weed control since the use of these naturally occurring toxins has several potential 
advantages. The storage, application, formulation, compatibility with other control 
methods, and the half-life will favor the toxin over the use of microorganisms. In 
these aspects the microbial phytotoxins are more like chemical herbicides (Duke and 
Lydon, 1987). 
There are a number of naturally occurring compounds that are produced by 
microorganisms that possess herbicidal properties. Cutler (1988) gives an overview 
of some of the major classes of compounds that have been identified. He states that 
there are many more to be discovered. Lax et al. (1988) discusses the type of 
research and experiments that must be implemented in order to determine the 
effectiveness and economic viability of a given potential herbicide from 
microorganisms. 
One of the problems with some synthetic herbicides is that they tend to persist 
in the environment whereas many naturally occurring compounds dissipate much more 
quickly. Approximately 60% of registered herbicides are halogenated hydrocarbons, 
making them moderately persistent in the environment. Many naturally occurring 
phytotoxins also have a very high degree of selectivity built in through coevolution 
that is usually not matched by chemical herbicides (Duke and Lydon, 1987). 
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There is another group of secondary metabolites, also referred to as 
phytotoxins, which are very effective in very low doses but are not very selective. 
These compounds can act as phytotoxins by transferring energy to molecular oxygen 
to produce singlet oxygen (‘O2) when irradiated by ultraviolet or visible light. This 
excited state of oxygen is highly reactive and responsible for the potent 
phytotoxicities. The popular press has called this class of phytotoxin "laser 
herbicides" since light is required. While these compounds can be very effective, 
they are very expensive to produce in the quantities necessary to be useful on a 
commercial basis (Duke and Lydon, 1987; Towers and Amason, 1988). 
Towers and Amason (1988) give a review of the photodynamic (laser) 
herbicides that are being studied for possible use as herbicides. This could be one 
more approach in the battle against weeds, especially since there is more herbicide 
resistance being observed with the use of synthetic herbicides. 
As mentioned, a major drawback to these compounds is that they are not 
selective. Kenfield et al. (1988) postulate that biotechnology could be employed to 
put resistant genes into a crop so that it would be resistant to the phytotoxin. They 
also give a good review of the potential new herbicides that are produced by plant 
pathogens. 
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2.3 Allelopathy 
At least two mechanisms are thought to be responsible for plant interference: 
competition for resources and the release of toxins into the environment (Putnam, 
1988). Allelopathy is the direct or indirect positive or negative effect of one plant on 
another through the production of chemical compounds that escape into the 
environment. This phenomenon appears widely in natural plant communities and is 
postulated to be one of the mechanisms in which weeds effect crop growth (Fay and 
Duke, 1977). Many of the early investigations into allelopathic effects were the result 
of phytotoxicity problems observed among cultivated crops (Barnes and Putnam, 
1983). 
Allelopathy is characterized by a reduction in plant emergence or growth. The 
chemicals that cause this effect are referred to as ’allelochemicals’ or ’allelochemics’. 
If these compounds are present in sufficiently low concentrations they can stimulate 
rather than inhibit growth. Allelopathy has been well documented in laboratory 
studies but adequate proof has rarely been achieved in the field (Putnam, 1988). 
Organic matter from plants makes up an important component of many soils. 
When these plant constituents are decomposed by the various soil microorganisms, a 
wide variety of chemical compounds are formed and released into the soil solution 
where they can have a dramatic effect on many important biological activities. It has 
been shown in numerous studies that some of these compounds have phytotoxic 
properties (Chou and Patrick, 1976). 
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Allelochemicals are found in virtually all plants and in many tissues. They 
range from a simple hydrocarbon, ethylene, to complex polycyclic compounds with 
molecular weights of several hundred. There has been an increase in research 
studying the use of natural compounds that are exuded by plants that will inhibit the 
germination or growth of another species (Putnam, 1988). 
Allelopathic potential has been suggested for some 90 weed species. The best 
evidence is available for quackgrass (Elymus repens), yellow and purple nutsedge 
{Cypenis esculentus and rotundas) and johnsongrass {Sorghum halenpense) (Putnam, 
1988). 
Putnam et al. (1983) have studied many different plant species as potential 
allelopathic agents. The most successful in these studies were rye {Secale cereale), 
wheat {Triticum aesitivum), sorghum {Sorghum bicolor), and barley {Hordeum 
vulgare). They would allow these species to achieve a height of approximately 40-50 
cm and then desiccate the crops by contact herbicides or winter kill and allow the 
residues to stay on the surface of the soil. These crops exhibited both physical and 
chemical properties that were successful in inhibiting weeds. 
Winter rye {Secale cereale) has received the most attention in terms of its 
allelopathic attributes. It is common to plant rye in the fall and let it grow in the fall 
and early spring and then plow and disc it for soil preparation before planting. In 
reduced tillage cropping systems the rye is chemically killed in the spring. This 
residue remains at the soil surface where it may modify the environment both 
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physically and chemically during the subsequent seed germination and growth of the 
plant (Barnes and Putnam, 1986). 
Barnes and Putnam (1983) studied the allelopathic effect of winter rye. They 
observed that spring-planted winter rye reduced early season biomass of 
lambsquareters by 98%, large crabgrass by 42%, common ragweed by 90% and total 
weed biomass by 94% compared to the control. This was attributed to competition 
for light, water, and nutrients along with allelopathy. Their studies suggest that 
inhibitory compounds from rye roots are released into the soil and subsequently taken 
up by other plants. 
Barnes and Putnam (1986) found that this phytotoxicity in rye was extractable 
and that they were.able to make a solution from rye extract that was inhibitory to 
certain species. They also quantified the relative distances the allelopathic compounds 
had to be in order to be effective which suggests that there must be sufficient residue 
in the soil to be effective. This phytotoxicity appears to be biodegradable. 
Hydroxamic acids are the compounds produced by rye that are thought to be 
the allelochemicals. It is estimated that winter rye produces as much as 14 kg/ha of 
these compounds. However most allelochemicals that have been isolated from other 
plants are produced in much lower quantities than this and it is doubtful as to whether 
many of them will have any commercial importance (Putnam, 1988). 
Oat has also been shown to display allelopathy in the laboratory, although the 
amount of allelopathic compounds that oats would exude in the field was not sufficient 
to inhibit weed species (Fay and Duke, 1977). Lehle and Putnam (1982) have done 
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work showing that field-grown sorghum {Sorghum bicolor) residue has allelopathic 
effects on certain germinating seeds. 
2.4. Stimulants 
There are large amounts of weed seeds in agricultural soils that can persist for 
many years by maintaining dormancy. Attempts have been made to break this 
dormancy chemically. These attempts have been mostly unsuccessful because 
dormancy is still not well understood and the appropriate dormancy-breaking 
chemicals have yet to be discovered. In addition, seeds of different species may react 
quite differently to the same chemical compound (Taylorson, 1989). 
The hope is that a compound could be applied to the soil which would induce 
a large majority of the weed seeds in the seed bank to germinate so that they could be 
easily controlled before the crop was planted. Therefore the crop is planted into soil 
that has very few viable weed seeds that could germinate and compete with the 
cultivated crop. 
Hurtt and Hodgson (1987) worked with nonionic surfactants. They found that 
these chemicals varied widely in their effect. These compounds stimulated barnyard 
grass germination, inhibited germination of 2 Amaranthus species and did not affect 
the germination of common purslane one way or the other. 
Bradow (1985) has looked at the use of Stigol as an inducer of germination of 
the dormant seeds of shepherd’s purse {Capsella burs-pastoris). Hendricks et al. 
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(1974) have studied the use of nitrates, nitrites, hydroxylamines and ammonium salts 
to promote the germination of weed seeds (Hendricks and Taylorson, 1974). This 
research has met with mixed results. 
2.5 Cover Crops and Living Mulches 
Lately the use of mulches to control weeds is receiving more attention. 
Examples of mulch are black plastic, straw, cardboard, paper and synthetic materials. 
Another recent area of research is the use of a "living mulch". This is a system in 
which plants are grown in place so that they can suppress by out competing weeds 
(Lanini et al., 1989). 
These cover crops, frequently referred to as "smother crops" since they 
suppress weeds (Barnes and Putnam, 1983), have the potential to control erosion 
during the winter and control weeds during the growing season. Cover crops keep 
the soil cool in the spring and therefore are not compatible with early spring planting 
(Putnam et al., 1983). Early plantings are required for market purposes in the case 
of sweet com and to spread out the planting and harvest work for field com. Another 
serious problem with living mulch systems is that they are not drought tolerant. If 
there is water stress during the growing season the cultivated crop will suffer due to 
the cover crop (Kurtz et al., 1952). 
Lanini et al. (1989) has found great possibilities with the use of subterranean 
clover {Trifolium subterraneum). It is an annual legume that has its vegetative and 
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reproductive growth during the fall and spring. In this way there is the potential for 
reduced competition with the cultivated crop that is planted into the mulch. Seeds are 
deposited on the soil surface and remain dormant until the following fall. This could 
mean that the crop would not have to be replanted. 
Berger and Dabney (1985) studied the use of subterranean clover as a living 
mulch in com. In the 3 year study they found unacceptably poor com stands 
compared to conventionally tilled and fallow no-till treatments. They feel that it was 
in part the reduced soil temperatures that accounted for the poor growth. Other 
problems were penetrating the thick living mulch with a planter to achieve adequate 
seed-soil contact and competition from the mulch if it was not adequately suppressed 
in the spring (Bmckerhoff and Henry, 1987). 
Echtenkamp and Moomaw (1989) looked at spring oat {Avena sativa L.), 
winter rye {Secale cereale), chewins fescue (Festuca arundinacea), hairy vetch (Vida 
villosa) and white clover (Trifolium pratense L.) seeded alone or in combination in 
Nebraska. The white clovers alone did not overwinter 1 year due to the cold weather 
and lack of adequate snow cover. Hairy vetch and winter rye were not controlled by 
spring herbicide applications and severely competed with com. When rainfall was 
limiting this competition was intensified. 
Another major problem with the use of living mulches is the competition for 
nitrogen. Kurtz et al. state that the competition for the other nutrients in the soil is 
not as great as it is for nitrogen since the other essential nutrients are more immobile. 
In a situation where there is only sufficient nitrogen in the soil for a com crop there 
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will be a yield reduction if another crop is present. When nitrogen and water are 
added to the soil the competition is reduced accordingly and there is an increase in 
yield. 
Crownvetch {Coronilla varia L.) has been studied as a living mulch in com 
and other crops as a way to eliminate erosion and to control weeds. In order to avoid 
crop competition in the spring the vetch had to be suppressed either with tillage or 
herbicides. In this way the vetch would be stressed and would not be competing with 
com for nutrients, light, and water (Loughran and Hartwig, 1988). However, 
Cardina et al. (1986) report that crownvetch is not as compatible with herbicides as a 
means of suppression since they observed a decrease in nodule activity with the use of 
herbicides. This is not due to toxicity to the rhizobia but to phytotoxicity to the 
crownvetch. 
An added benefit of living mulches is that they offer a "built-in" conservation 
system for reduced pesticide runoff. Research has found that the use of a living 
mulch (birdsfoot trefoil and crownvetch) reduced the amount of cyanazine runoff in 
no-till com production when compared to no-till without a cover crop (Hall et al., 
1984). 
2.6. Chemical Control of Weeds 
Monoculture has existed in increasingly dominant forms for some 7000 years. 
For the overwhelmingly majority of this time tillage and crop rotation were employed 
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to control weeds (Haas and Streibig, 1982; Walker and Buchanan, 1982). The first 
chemical means of weed control was employed in 1896 with the use of copper sulfate 
to control mustard (Brassica spp.) in wheat (Triticum aestivum L.). There was little 
selectivity for the next 40 years or so and the costs of these chemicals were very high 
(McWhorter and Shaw, 1982). 
The discovery of 2,4-D (2,4-dichlorophenoxyacetic) ushered in modem 
herbicide technology in 1941. It proved to be an exceptional herbicide compared to 
what had previously been available. It was effective at relatively low rates (.25 to 4 
Ibs/acre), it was cheap to produce, and it had a broad spectrum of uses. 
The commercial success of 2,4-D provided the incentive for the development 
of many other herbicides. In 1950 approximately 5% of all pesticides used in 
agricultural production were herbicides. By 1987 this percentage had jumped to 
74%, with more than 125 herbicides currently available to farmers (Haas and Steibig, 
1982; McWhorter and Chandler, 1983; Pesek, 1989). 
One innovative use of herbicides is the banding of these compounds directly 
over the row instead of broadcasting the compound over 100% of the tilled land. 
This was a practice that was often employed in the mid-western states of the United 
States as a way of cutting herbicide costs. The herbicide would be applied in a band 
(usually 30 to 36 cm in width) directly over a com row leaving the ground between 
the rows untreated. This unsprayed area would be cleared of weeds with the use of 
mechanical cultivation. 
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Moomaw and Robinson (1972) looked at 18, 36 and 53 cm bands of herbicides 
followed by cultivation. They observed good yields by combining banding and 
cultivation. They recommend that the number of cultivations necessary would change 
from year to year depending on the climate. 
Moomaw and Robinson (1973) found no statistical difference in weed control 
or com yield with a band of 18 cm or 53 cm over the com row. They cultivated 
twice, the first was with a rotary hoe approximately 2 weeks after the weed seeds had 
germinated but before they had emerged. Then they employed a cultivation 50 and 
45 days after planting for the 2 years. The effectiveness in weed control for the 5 
treatments (control, 18, 36, 53 bands and broadcast) were 52, 92, 89, 100, 100%, 
respectively. 
In their work Moomaw and Robinson (1973) also observed the importance of 
mechanical cultivation even when the herbicide is broadcast. There was an increase 
in the com yield when a single cultivation was applied when the herbicide was 
broadcast compared to the herbicide broadcast with no cultivation. 
2.6.1. Atrazine 
Atrazine is the most commonly used broadleaf herbicide in com production 
here in the northeast. It is very effective on the common dicot species found in this 
area without having adverse effects on com. Atrazine acts as a photosynthetic 
inhibitor that binds to a specific site in the chloroplast (Boydston and Slife, 1986). 
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Many annual grass weed species are able to detoxify Atrazine by glutathione 
conjugation. It is this conjugation that allows com to detoxify atrazine in a matter of 
hours after exposure to Atrazine (Boydston and Slife, 1986). 
One characteristic unique to Atrazine (and all of the s-triazine herbicides) is its 
high affinity for soil organic matter. With the rates of Atrazine that are 
recommended on the label (1.12 to 2.24 kg ai/ha) there can still be enough atrazine in 
the soil the following year to cause injury to susceptible crops such as snap beans and 
cucumbers. This can decrease flexibility in the farming system in terms of a crop 
rotation (Akobundu et al., 1975). 
Organic matter also effects s-triazine herbicides in that they are less available 
to the germinating weed species. The availability decreases as the organic matter 
fraction of the soil increases. This is mostly due to the adsorption of the herbicide at 
the liquid-solid interface of the soil colloids (Kells et al., 1980). 
Dunigan and McIntosh (1971) removed the organic matter fraction from 
selected soils and found that the amount of atrazine that was adsorbed was greatly 
reduced. Adsorption processes are usually exothermic. It would be expected that less 
atrazine would be adsorbed as the temperature increases. However, the opposite was 
found with certain organic sources. This believed to be due to increased chemical 
bond formation at higher temperatures between organic substances and the herbicide. 
This suggests why it has been observed that there can be poorer weed control with the 
same rates in areas with warmer climates or when the herbicide is applied at warmer 
times of the season. 
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The s-triazine herbicides are weakly basic compounds so that the lower the pH 
in the soil the more protonated these compounds become and the more readily it will 
be adsorbed to the negatively charged soil colloids (Best et al., 1975). This has even 
greater consequences in no-till com production since nitrogen is usually added to the 
soil surface and is not disked in as it would be in conventional tillage. This practice 
will acidify the soil surface so that a much higher percentage of the atrazine will be 
degraded than would be if the soil were tilled (Kells et al.y 1980). 
The addition of phytobland oils increase the foliar penetration of Atrazine. 
The higher the concentration of the oil mixture the quicker the Atrazine would 
penetrate the foliage. This is a way to increase the efficacy of Atrazine at lower rates 
(Coats and Foy, 1974). 
2.6.2. Metolachlor 
Metolachlor is a chloroacetamide herbicide. There have been many studies 
that have tried to determine the mode of action of this compound. The results can 
vary according to the species studied. Research conducted suggests that it inhibits 
protein synthesis, causes membrane leakage due to structural or functional alteration 
in membranes, or inhibits the onset of mitosis (Deal and Hess, 1980; Dixon and 
Stoller, 1982). 
Metolachlor is a selective herbicide to which com has shown significant 
tolerance. It is possible under field conditions to damage sweet com seedlings with 
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metolachlor which could result in early-season reductions in growth. However, the 
potential for injury would depend on the amount of metolachlor used and the type of 
exposure (Ellis et al., 1983). Boldt and Barrett (1989) found that com injury by 
metolachlor varied according to com variety, soil temperature, soil moisture and rate. 
Eighty percent control of selected grass weed species was achieved with 1.21 
kg/ha metolachlor where 2.85 kg/ha was required to achieve 80% control of selected 
broadleaf species (Peter and Weber, 1985). Braverman et al. (1986) found that 
metolachlor was mobile in the soil profile and that leaching of this compound is an 
important mode of dissipation. They found that the amount of water received by the 
soil would increase the rate of the dissipation of this compound. Banks and Robinson 
(1986) demonstrated that significant amounts of metolachlor are bound-up by straw 
when this is used as a mulch. 
The half-life of metolachlor in Taloka silt loam in a laboratory situation, with 
water added only to maintain the original water concentration of the soil from the 10- 
to 20-cm depth at 23 C, was 10.1 weeks. This study also found that there was no 
detectable degradation of metolachlor in the autoclaved treatments suggesting that 
microbial breakdown was important in the breakdown of this herbicide. The 
degradation of this compound is temperature dependent. The higher the temperature 
the quicker the degradation occurred (Bouchard et al., 1982; Braverman et al., 1986). 
Braverman et al. (1986) found a much more rapid degradation of metolachlor 
in low organic matter soils. In their experiments they found a half-life of 4 days with 
metolachlor in silt soils. Yet they also found that if there were very dry conditions 
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and a very cold winter there could be a chance of a carry-over. Griffin and Robinson 
(1989) found that metolachlor was more persistent than alachlor. They also found 
that degradation of metolachlor occurs at a faster rate at high temperatures than 
alachlor. 
Recommendations have been made for the amount of herbicide needed 
according to the organic matter. There is a very high correlation between the organic 
matter content of a soil and the weed control with metolachlor. The amount of 
metolachlor to achieve 80% monocot weed control at 1, 5 and 10% organic matter 
content is 0.9, 1.6, 2.4 kg ai/ha, respectively. Unlike atrazine the pH of the soil has 
no effect on the activity of metolachlor (Weber et al., 1987; Weber and Peters, 
1982). 
2.7. Resistance to Herbicides in Weeds 
Resistance has been a phenomenon that has been quick to rear its head with all 
classes of modem pesticides from antibiotics to rodenticides. The notable exception 
has been herbicides. One reason for this is what Gressel and Segel (1982). refer to 
as "the rate of kill". The higher the rate of kill of a pesticide the quicker resistance 
will appear. 
With most insecticides and fungicides the rate of kill is usually close to if not 
100%. This is a main reason as to why resistance was so quick to appear. In the 
case of herbicides the rate of kill is usually around 90 or 95 % which partially 
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accounts for the lag time between the advent of herbicide use and the manifestation of 
resistance. For this reason it is highly advisable not to try and bring to market 
herbicides that have 100% rates of kill (Gressel and Segel, 1982). 
Other reasons as to why herbicide resistance has been so slow to manifest 
itself are: (1) weeds usually have only one generation per year whereas insects and 
pathogens can have several which would facilitate resistance onset; (2) Any seed that 
is resistant will be diluted by the non-resistant seeds in the seed bank (Lebaron, 
1982); (3). Some resistant weeds are known to become less "fit" once they develop 
herbicide tolerance. For example, when selected triazine resistent weeds were grown 
with triazine-susceptible weeds the susceptible species had twice the dry matter and 
three times the seed production (Gressel and Segel, 1982) 
The first recorded occurrence of triazine resistance in weeds was in 1968 with 
common groundsel {Senecio vulgaris). It was shown that susceptible biotypes were 
controlled using 1.12 kg ai/ha of simazine whereas tolerant biotypes were not 
controlled using as much as 17.92 kg ai/ha (Ahrens et al., 1981). By 1986 resistance 
to herbicides had been documented in more than 40 weed species, the majority of 
which (30 species) have become resistant to the triazine herbicides (Fuerst et al., 
1986). This is compared with 428 insects and acaines that had become resistant to 
insecticides as of 1980 (LeBaron, 1982). There has been confirmation of pigweed 
{Amaranthus hybridus L.) resistance to atrazine in Massachusetts (Bandeen et al., 
1982). 
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If a resistant weed species is encountered in a particular field it is important 
that another management system be employed so that this species will not become 
dominant (Parochetti et al., 1982). 
2.8. Weed Competition in Cropping Systems 
There is more research being initiated that is attempting to demonstrate the 
relationship between increasing weed pressure and decreasing yield (Bhowmik and 
Reddy, 1988). There can be substantial variation in crop-weed interactions among 
different geographical regions, among different crops and even among the same crops 
in different situations. The interaction between crops and weeds are overwhelmingly 
site- and season-specific and can vary dramatically depending on plant species 
involved, densities, management practices, and environmental practices (Altieri, 1988) 
Chancellor (1979) states that a popular misconception in agriculture is that 
there is one weed and one crop in competition. In a summary of 32 different fields 
on private farms in England he found a range 8 to 32 different weed species 
encountered. In some of the fields there was 1 weed that was dominant but in other 
fields there were up to 5 dominant weed species. The most common weed comprised 
between 18 and 74% of the total weed biomass. The number of weed seeds in the 
soil ranged from 15 million to 237 million/hectare of which anywhere from 2 to 10% 
will germinate in a given year. 
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The variability in the weed-crop competition from year to year is a problem. 
Moomaw and Robinson (1973) tried to quantify the yield loss in com due to weed 
infestation. They found that in 1970 that for every 0.4 pounds dry weight of weeds 
there was a 1 pound loss in com yield. Yet in 1971 the ratio was 1.1 pounds weed 
dry weight to 1 pound com yield (Moomaw and Robinson, 1973). 
Cousens et al. (1987) have developed models that can be used to predict crop 
yield based on not only the density of a weed but also on the time of emergence. 
Intuitively, the sooner a given weed species germinates the greater the opportunity it 
will have to decrease the yield of a given crop. 
Stoller et al. (1979) show some of the problems producing models based on 
weed population. In 1 year when the density of nutsedge was over 100 shoots/m^ 
there was a yield reduction in com of 17% whereas the following year there was no 
yield reduction with the same amount of nutsedge infestation. The main reason for 
this seasonal variation is the climate. When there is limiting water there will be 
greater yield reduction. 
However, Wiese and Vandiver (1970) encountered an opposite response in 
their research. Barnyard grass (Echinochloa crusgalli) and large crabgrass (Digitaria 
sanguinalis) were effective competitors with com only when there was adequate 
moisture. These particular species were not as competitive when water was limiting. 
For this reason these species are known to be a problem in humid regions whereas in 
semi-arid or arid areas these 2 weed species are not a problem. In this study the 
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problem weeds in the arid regions were weeds that compete well in these climates 
such as kochia (Kochia scoparia) and Russian thistle (Salsola kali). 
2.9 Influence of Weeds on Other Pests 
There can be a complex of pests including weeds, insects, diseases, and 
nematodes that can affect crop production. However, more needs to be known about 
the interaction of these pests in many cropping systems (Frank et al., 1988). One of 
the major impediments to successful IPM adoption in crop production has been the 
inability to deal effectively with pest complexes. Alston et al. (1989) studied the 
relationship between com earworm (Heliothis zea), soybean cyst nematode 
{Heterodera glycines) and cumual weed species in soybean {Glycine max) in North 
Carolina. Each pest can cause severe economic damage in soybean production. 
The cyst nematode reduces soybean canopy development. This leaves larger 
areas of exposed soil where weed seeds may germinate and become established. The 
com earworm will favor soybeans with open canopies. It is speculated that open 
canopies are more attractive oviposition sites and enhance the survival rate of the 
larvae. Increased nematode and earworm population increase weed infestation. As 
weed population grow com earworm larva decreases due to the closing of the canopy. 
This is an example of the possible complexities of interactions among economic pests 
of a given commodity. 
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Frank et al. (1988) found in studying the relationship of weeds and insects in 
peppers {Capsicum annum) that when the weeds were not controlled there was a 
significant reduction in yields. If there were insects present (green peach aphid, 
Myzus persicae), European com borer, Costrinia nubilalis) and the redlegged 
grasshopper, {Melanopcus femurrubrum)) the yield decreased even further due to the 
foliar damage by these pests. There was a positive relationship between the weed 
cover and the insect damage. 
Research has shown a relationship between European com borer infestation in 
com in response to weed pressure. There was a positive response between the weed 
pressure and borer infestation. It is speculated that the weeds act as an alternate host 
for this insect and also provide a moist environment for the insects during dry 
conditions (Weber et al., 1990). 
Another important consideration is the effect one management system for one 
pest will have on the other pests in the same cropping system. Oka and Pimentel’s 
(1976) study of the effect of herbicide application on other pests is a good example. 
They found that there was a significant increase in the proliferation of European com 
borer {Osrinia nubilalis), com leaf aphid and southern com leaf blight 
{Helminthosporium maidis) infestation with the application of the herbicide 2,4-D in 
com. 
Weeds can have positive benefits in agricultural systems. They can help in 
reducing soil erosion, take up nutrients that would otherwise leach out of the root 
zone, add organic matter to the soil, inhibit more noxious weeds with the release of 
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allelochemicals, and provide possible shelter and nourishment for beneficial organisms 
(Gliessman, 1987). 
2.10. Economic Analysis 
Lx)sses in the yield or quality of cultivated crops due to interference from 
weeds forms the basis of modem weed science (Radosevich, 1987). Crop production 
scientists are placing more emphasis on pest management strategies that eu'e based on 
the concept of an economic threshold. In this approach pest populations are 
monitored during the growing season and management strategies are employed on an 
"as needed” basis. One reason why this can be more difficult to implement in weed 
management, as opposed to the management of the other pests, is that crop-weed 
interactions can be difficult to model since weed populations can vary from year to 
year and even in the same season. It has been observed that the crop response to the 
same weed pressure can vary depending on other factors besides weather (King et al., 
1986; Stoller et al., 1979; Wiese and Vandiver, 1970). 
The economic threshold level for weed control is the point at which the cost of 
the loss due to weed competition exceeds the cost of control. A weed occupies a 
given horizontal and vertical space which is called the area of influence. As this area 
of influence increases there is a greater potential for competition. It is much more 
complicated to determine the economic threshold level when there is more than one 
weed species that is competing with a given crop even though this situation is more 
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realistic (Oliver, 1988; Chancellor, 1979). Firbank and Watkinson (1985) describe 
the difficulties of modeling for more than one weed species. 
It is important that growers have satisfactory methods to relate weed pressure 
to reductions in yield in order to be able to justify the implementation of a 
management strategy. It is generally accepted that with a given commodity there is 
some minimum number of weeds with which no reduction in yield can be detected 
and some maximum number of weeds with which, if there were additional weeds 
added, there would be no increase in yield loss (Aldrich, 1987). Weed density/crop 
yield relationships are sigmoidal rather than linear (Altieri, 1988). 
It is evident that the advent of herbicides has not been the silver bullet to weed 
control that many had hoped. In fact, the increased dependence on chemical weed 
control has, in some cases, led to changes in the weed flora and the appearance of 
herbicide resistance in previously susceptible species so that the cost to the producer 
has been increased. For this reason there is an increasing need for improved 
strategies for controlling weeds. An important element of such a management scheme 
is the development of population models that are capable of predicting the results of 
control measures on weed densities and crop yields (Firbank and Watkinson, 1986). 
It might not be economically feasible to eliminate all weeds but only those that 
are competing with the cultivated crop. Extra fertilizer could be added so that 
nutrients will not become limiting and this might be a cheaper means of controlling 
the weeds than the use of herbicides (Vengris et al., 1955). 
39 
Menges (1987) studied the economics of different weed management systems 
in various crops. He found that savings with the utilization of herbicides rather than 
handweeding ranged from $62/ha for cotton to $4703/ha for bell peppers. The reason 
for the large difference is that bell peppers grow slower and they can be damaged 
more easily by cultivation than cotton. 
2.11. Integrated Weed Management 
Integrated Pest management (IPM) programs began at the state level in 1971 
with special money that was set aside by the federal government. In a 1979 
presidential message to Congress, IPM was defined as "A systems approach to reduce 
pest damage to tolerable levels through a variety of techniques, including predators 
and parasites, genetically resistant hosts, naturcd environmental modifications and, 
when necessary and appropriate, chemical pesticides" (Bird, 1987). 
Different IPM programs began to evolve in different states even though they 
were working with the same commodity since each area was different and the 
program had to be tailor made for that ecosystem. An example of the variance is that 
IPM programs may vary in the same state for sweet com depending on whether the 
com is for the fresh market or for canning (Blair and Parochetti, 1982). Historically 
many Integrated Pest management (IPM) extension projects were implemented as 
insect management programs to which the other disciplines, such as weed science, 
were added as the programs developed (Blair and Parochetti, 1982). 
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Shaw (1982) states some of the important tenants in an integrated weed 
management system: (1) the use of multi-pest-resistant, high yielding varieties; (2) 
placement of the fertilizer to enhance the crop and not the weeds; (3) preplant seedbed 
tillage; (4) crop rotation; (5) the use of optimum plant populations so that high yield 
and low weed infestation occur; (6) the use of biological control; (7) the use of 
chemical control. Hill (1982) cannot visualize an integrated approach that did not 
include chemical control. 
One important aspect of Integrated Weed Management (IWM) is the 
availability of post-emergence herbicides so that an economic assessment can be made 
and a management strategy implemented. A relatively new compound that has shown 
a lot of promise for postemergence weed control is the synergist tridiphane. Selected 
grasses are controlled by using this compound with atrazine without damgae to com. 
It has shown to be successful against many annual grass weed species such as giant 
foxtail and large crabgrass (Ezra et al., 1985). Unfortunately, it is not registered for 
use in sweet com at the present time. 
Another tool of IWM is the use of heat units. Heat unit models have been 
used to describe the development of crops and they have been used by entomologists 
to predict the emergence and propagation of insects. Germination and growth of 
weeds are also temperature dependent so it is postulated that this information could be 
used to predict the best time to implement a control scheme (Wiese and Binning, 
1987). Buchanan et al. (1975) showed that weeds, as cultivated crops, have optimum 
pH’s. This information could possibly be used as a cultural practice to control weeds. 
CHAPTER III 
THE EFFICACY OF METOLACHLOR AND ATRAZINE ON WEED 
CONTROL AND CORN YIELD DUE TO TIME OF APPLICATION 
3.1 Introduction 
The purpose of the research described in this chapter was to determine the 
effectiveness of metolachlor and atrazine on weed pressure and com yield when the 
herbicides were applied at different times relative to the planting of the com. The 
goal is to establish the time of application of these 2 herbicides which achieves the 
highest degree of weed control, essential information when reduced rates of herbicides 
are used. 
Two sweet com experiments at the University Research Farm in South 
Deerfield, Massachusetts, were performed in 1988 and 1989 to study the effect of the 
time of application of metolachlor [2-chloro-A-(2-ethyl-6-methylphenyl)-A-(2- 
methoxy-l-methylethyl)acetamide] and atrazine [2-chloro-4-(ethylamino)-6- 
(isopropylamino)-s-triazine] on weed pressure and sweet com yields. 
3.2 Materials and Methods 
The cultivar "Sprite” (Harris-Moran, Rochester, NY) was planted 25 April, 
1988 and 21 April, 1989. Between-row spacing was 90 cm and within-row spacing 
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was 25 cm both years. Soil was a Hadley Loam. Both experiments were completely- 
randomized block designs having 4 replications with plots three com rows (2.7 
meters) wide by 6.1 meters long. 
The rates for the herbicide treatments were 0.78 kg/ha active ingredient of 
metolachlor and 0.45 kg/ha active ingredient of atrazine. One liter/ha of a photobland 
crop oil (Booster + E, Agway) was also added. Compounds were applied with a 
CO2 back pack sprayer with 8002LP nozzles held approximately 43 cm above the 
ground at 15 PSI. In 1988, these compounds were applied 1, 4, 8, and 19 days after 
planting (DAP). The fifth treatment was a control in which no herbicide was applied 
and no other means of weed suppression were employed. In 1989, these same 
compounds were applied 0, 7, 14, 21, and 28 DAP (with 0 being the day of 
planting). The sixth treatment was a control. Each year all plots were fertilized with 
56 kg/ha N-P-K at planting. The plants were sidedressed 4 weeks after emergence 
with 56 kg/ha of nitrogen as ammonium nitrate in 1988, and 77 kg/ha in 1989. 
Weed samples for each experiment were collected 8 weeks after com planting 
and again at com harvest. At each sampling date weeds were cut at ground level 
from two 0.125 m^ quadrats per plot and oven-dried for biomass determination. In 
1988, weeds were separated into monocot and dicot species with predominant species 
noted. In 1989, weeds were separated according to species. For sweet com harvest, 
all ears in the middle 3 meters of the center row of each plot were harvested, sorted 
into marketable and non-marketable ears, counted, and field weight recorded. Ears 
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with minimum husk-on dimensions of 49 mm diameter by 216 mm length were 
considered to be marketable. 
All data were entered into Lotus 1-2-3 spreadsheets, version 2.2. Data files 
were created and statistical analysis was performed with SAS, version 6.04. The first 
test was to verify that the rule of homogeneity of variances was not violated. One of 
the assumptions of analysis of variance is the homogeneity of variances among 
groups. Visual observations of the data appeared to reveal that this assumption may 
have been violated. 
A test proposed by Bartlett, as described in Damon and Harvey (1987, pp SC¬ 
SI), was used to test the homogeneity of variance. Table 3.1 reports the values 
needed to solve for the following equations: 
Equation 1: 
M = 2.3026 (n - 1) (k log ^ - Elog s^) 
where 
log is to the base 10 
2.3026 is a constant 
(n - 1) are the degrees of freedom in each group 
is the variance or mean square within each group 
The second equation is a correction factor 
Table 3.1. Bartlett’s test for homogeneity of variance 
among the 6 treatments for the monocot weed species at 
com harvest in 1989. 
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Treatment log Si^ 
Control 342.87 2.5351 
0 DAP 270.63 2.4323 
7 DAP 1286.53 3.1094 
14 DAP 2539.37 3.4047 
21 DAP 15.19 1.1815 
28 DAP 1048.90 3.0207 
Totals 5503.49 15.6837 
= 917.24 log = 2.9625 
= M = (2.3026) (3) [(6) (2.9625) - 15.6837] 
= (6.9078)(2.0913) 
= 14.44 
7 
C = 1 + - = 1 + 0.1296 = 1.1296 
(3)(6)(3) 
14.44 
= 12.78" (df=5) P > 0.01 Corrected = 
1.1296 
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Equation 2: 
k + 1 
C = 1 +- 
'ik{n - 1) 
The test performed in Table 3.1 reports that the variance among the 6 groups 
are not homogeneous. A transformation, as described in Damon and Harvey (1987, 
pp84-90), is performed to equalize variances. All data in this experiment was 
transformed by square root plus 1. 
All data were then subjected to a two-way ANOVA. If the two-way ANOVA 
was significant at the 0.05 level, two further tests were performed using orthogonal 
polynomial comparisons. The term orthogonal signifies that the sum of the products 
of corresponding coefficients in each comparison must be equal zero. If the two-way 
ANOVA was not significant, no further statistical analysis was performed. 
In the first test, the control is tested against the average of the days of 
application. One of the powers of orthogonal polynomial comparisons is it allows 
comparisons of the average of several dependent means against one or more other 
means. In this experiment, the control did not receive herbicide and therefore it is 
appropriate to separate it from the treatments that did receive herbicide. 
In 1988, there are 4 different days of application. The coefficients are -1, -1, 
-1, -1 for the days of application and 4 for the control [(-1) + (-1) + (-1) + (-1) + 4 
= 0]. In 1989, there are 5 different days of application, so the coefficients are -1, - 
1, -1, -1, -1 for the days of application and 5 for the control. 
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For the second test, orthogonal polynomial coefficients are used for single 
degree of freedom components for linear and quadratic regressions. Another use of 
orthogonal polynomial comparisons allows the partition of sum of squares among 
treatment means into single degree of freedom comparisons due to linear and 
quadratic regressions. In this way, linear and quadratic trends can be compared 
among the rates, excluding the sum of squares of the control. Sets of these 
coefficients are available in many statistical tables when the levels are equally spaced. 
A table listing these coefficients is found on page 223 of Damon and Harvey (1987). 
The rates used in 1989 are of equal intervals. The coefficients are -2, -1, 0, +1, +2 
for the linear regression and +2, -1, -2, -1, +2 for the quadratic regression. 
The rates used in 1988 are of unequal intervals. The linear and quadratic 
coefficients have to be derived using equations found below. Damon and Harvey 
(1987, pp 228, 229) describe these equations that are used to create Table 3.2. There 
are 2 equations to be solved in order to derive the linear coefficients: 
Equation 3: 
-EX, 
ai = - 
n 
where 
Xj = the days after planting 
n = the number of observations 
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Equation 4: 
Cjj = linear coefficients = (Xj + a^ 
There are 3 equations to solve for the quadratic equations: 
Equation 5: 
ECyX/ 
bj =- 
Equation 6: 
2:Xj2+ bj EXj. 
a2 =- 
n 
Equation 7: 
= iV + + a,) 
According to Table 3.2,, the coefficients are -7, -4, 0, 11 for the linear 
comparison and 37.5, -10.5, -46.5 and 19.5 for the quadratic comparison. 
In order to aid the reader, statistical procedures used in this chapter are 
described referring to Figure 3.4. The first step is to perform a two-way ANOVA 
for the monocot and dicot weed species at com harvest. The test was not significant 
at the 0.05 level for the monocot species. This is signified by the notation " “ 
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Since the two-way ANOVA is not significant, no further tests are performed. This is 
signified by the notation ” for the 2 subsequent tests. The two-way ANOVA for 
the dicots is significant at the 0.005 level(***). The second test is to compare the 
average of the 5 different days after application (DAP) vs. the control. This is also 
significant at the 0.005 level (***). The third procedure is to test linear and quadratic 
significance for the 5 different days of application, excluding the control. The linear 
test is significant at the 0.005 level (1***), while the quadratic response is not 
significant (q “*). 
3.3 Results and Discussion 
3.3.1 Early Season Weed Pressure 
3.3.1.1 1988 
Weed pressure was very low in all four herbicide treatments early in the 
season (Figure 3.1). There was a slight amount of grass pressure (63.7 kg/ha) at the 
first sampling (eight weeks after the com was planted) when the herbicide was applied 
1 day after planting but very few grasses were evident in the other herbicide 
treatments. There were even fewer broadleaf weed species in the 1 DAP treatment 
while none were encountered in the other herbicide treatments. The majority of 
weeds found at this sampling date were in the control plots. Visual observations at 
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this time revealed that the overwhelmingly predominant weed species at this time was 
shepherd’s purse {Capsella bursa-pastoris). This weed species is a winter annual that 
can germinate in the fall or early spring. It is capable of completing its life cycle as 
early as six weeks after it is planted (Aldrich, 1987). It is postulated that the 
prevalence and early establishment of this weed species allows it to out-compete other 
dicot and monocot weed species. 
3.3.1.2 1989 
There were more early-season weeds in the herbicide treated plots in 1989 
than were observed in 1988 (Figure 3.2). Increased rainfall may have contributed to 
this increased weed pressure 1989. In 1988, 16.38 cm of rain fell from the time of 
planting until the first weed harvest 58 days later. More than twice this amount 
(36.03 cm) fell in the same period in 1989. Research has shown that metolachlor is 
more water-soluble than atrazine and that leaching can be an important mode of 
dissipation of this chloroacetamide herbicide (Braverman et al. 1986). This is 
supported by the fact that the monocot weed species were more predominant than the 
dicot weed species in each of the herbicide treatments while there was substantially 
more dicot pressure in the control plots. 
However, despite the increase in weed pressure among the herbicide 
treatments in 1989, the weed pressure in the control plots in 1988 was 5 times that of 
the control plots in the 1989 field. This large difference is most likely due to the 
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dominance of shepherd’s purse in 1988. Table 3.1 reports the number and weight for 
8 eight weed species present for the 2 sampling dates in 1989. Whereas the control 
plots in 1988 were dominated by shepherd’s purse plants, this weed constituted only 
4.2% of the total weed biomass 8 weeks after planting in 1989. Both shepherd’s 
purse and peppergrass {Lepidium virginicwn) were present 8 weeks after com planting 
and not present at com harvest. Many of the other weed species present are C4 (C4- 
dicarboxylic acid) plants so that they grow slower in the cooler spring weather than 
C3 (Calvin cycle) plants (Pearcy, 1981). Galinsoga (Galinsoga sp.), also a C3 plant, 
represented 52 % of the total broadleaf weed pressure by weight 8 weeks after com 
planting and only 19% at com harvest. Galinsoga is also referred to as ’quickweed’ 
since it is able to germinate and flourish very early in the season. 
3.3.2 Weed Pressure at Com Harvest 
3.3.2.1 1988 
At com harvest there were essentially no broadleaf weed species in any of the 
herbicide treatments (Figure 3.3). However, there were large amounts of grassy 
weed species observed in the four herbicide treatments. Visual observations indicated 
the dominance of fall panicum {Panicum dichotomiflonm) and hairy crabgrass 
{Digitaria sanguinalis) at com harvest. These monocot weed species decreased with a 
highly significant linear response as the herbicide application date was delayed. 
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As stated above, it is the difference in metolachlor and atrazine solubility that 
is suspected for this observed trend. The research facility in South Deerfield received 
9.31 cm of rain from the time of planting to the last herbicide treatment 19 days later. 
Grass pressure decreased 5221 kg/ha in this same period. The greatest single 
decrease in grass pressure (3452.8 kg/ha) occurred between 1 and 4 DAP. In this 
period 7.14 cm of rain fell at the research facility in South Deerfield. The next 
greatest drop in grass pressure (15(X) kg/ha) was between 8 and 19 DAP which 
corresponds to 1.91 cm of precipitation at the research facility. The least amount of 
rain fell (0.26 cm) between 4 and 8 DAP which corresponded to the smallest decrease 
in grass pressure (66.6 kg/ha). 
There was no statistically significant difference in the grass pressure when the 
control was contrasted against the average of the 4 different times of herbicide 
application in 1988 (Figure 3.3). However, the monocot weed pressure was 100% 
greater than the control when the herbicide was applied 1 DAP. This response was 
most likely due to the early establishment of the shepherd’s purse in the control plots 
very early in the season. The control plots were so heavily dominated by this winter 
annual that it may have been more difficult for other weed species to become 
established. 
Many of the shepherd’s purse plants began to senesce before the com harvest. 
Since these plants in the control plots began to decline relatively early in the season, 
there was an actual decrease in the dicot weed pressure between the sampling at 8 
weeks after the com was planted and the sampling taken at com harvest. In addition, 
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this mat of dying plant debris was so thick that many other weed species were not 
able to establish and proliferate as was the case with monocot weed species in the 
herbicide treatments. 
3.3.2.2 1989 
The broadleaf weed pressure had a highly significant linear response to the 
five different times of herbicide application (Figure 3.4). The earlier the herbicide 
was applied the higher the weed pressure in the treatments. When the herbicide was 
applied at 28 DAP, 7 days after the com (and many weed species) had emerged from 
the soil, broadleaf control was maintained whereas control of grasses was lost. 
Previous research has demonstrated the post-emergence efficacy of atrazine on many 
common dicot species, especially with the addition of a crop oil (Coats et aL, 1974). 
Whereas there was a significant linear response for the broadleaf pressure, 
grass pressure remained constant the first 3 times of herbicide application. There was 
an apparent decrease at 21 DAP; however this reduction in monocot weed pressure 
was not statistically significant. The postemergence control observed with the 
broadleaf weed species was not matched by the grass weed species. 
The relationship between precipitation and grass control was not as strong in 
1989 as it was in 1988. The research facility received 14.3 cm of rain between the 
time of planting and the last herbicide application (28 DAP). The most precipitation 
that fell in 1 period was 7.8 cm between 14 and 21 DAP. In this period the grass 
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pressure had its greatest drop of 1516.4 kg/ha. However, between 7 and 14 DAP, 
6.5 cm of rain fell and there was a very slight increase in the grass pressure. 
3.3.3 Com Yield 
3.3.3.1 1988 
There was a high degree of variability in the com harvest in 1988 (Figure 3.5) 
due to poor germination of the cultivar Sprite. Table 3.2 reports the yield data for 
1988 and 1989. There was an average of 7.5 com plants per 3 meters of harvest row 
in 1988 compared to 10.8 plants per 3 meters in 1989. In addition, some of the 
plants that did germinate appeared to be stressed, possibly due to cool temperatures in 
the spring of that year. It is this variation that is speculated to be responsible for the 
dramatic decrease in the marketable com yield when the herbicide was applied 4 days 
after planting. However, the marketable yield was the greatest when the weed 
pressure was the lowest (19 DAP). 
3.3.3.2 1989 
The marketable com yield had a highly significant linear and significant 
quadratic response among the five different times of herbicide application (Figure 
3.6). This corresponds to a similar statistical response for the weed pressure at 
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harvest. The highest yield was observed in 1989 when the herbicide was applied 21 
days after com planting. This was two days after the com plants and many of the 
weed species were observed emerging from the soil. When the herbicide was applied 
seven days later there was a dramatic increase in weed grass pressure only, and a 
concomitant decrease in marketable com yield. 
There was a highly significant difference between the com plants per hectare 
in the control plots contrasted with the average of the five herbicide treatments (Table 
3.2). This is attributed to the early weed competition in the herbicide-free plots. 
This competition was severe enough to destroy some of the com plants. 
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Table 3.4. Effect of the time of application of metolachlor and atrazine on yield data in 1988 
and 1989. (*, **, ***, significant at P = 0.05, 0.01, 0.005, or nonsignificant, respectively. 
1, q:significant linear or quadratic component, respectively.) 
Marketable ears Non-marketable ears Total ears 
PlanU Number Weight Number Weight Number Weight 
#/ha ntha. kg/ha #/ha kg/ha #/ha kg/ha 
1988 
Control 20630.4 0.0 0.0 11660.6 1390.4 11660.6 1138.4 
1 DAP 28703.1 12557.6 3821.7 12557.6 4443.7 25115.2 6301.7 
4 DAP 26909.2 17042.5 5325.9 10763.7 3280.9 27806.2 7318.1 
8 DAP 25115.2 9866.7 3455.8 14351.6 7147.3 24218.3 6545.6 
19 DAP 32291.0 23321.3 6911.5 7175.8 2223.9 30497.1 8741.0 
Significance ns * ns ns m 
Control vs. 
herbicide - — — 
Among 
herbicide ns ns ns ns 
Control 26012.2 0.0 0.0 
1989 
4484.8 284.6 4484.9 284.6 
0 DAP 40363.8 8072.7 1829.5 27806.2 3211.8 35878.9 5041.3 
7 DAP 37672.9 13454.6 3008.5 23321.3 3455.8 36775.9 6464.3 
14 DAP 38569.8 25115.2 6098.4 17939.5 3008.5 43054.7 9106.9 
21 DAP 45745.6 31394.1 7643.3 21527.4 2805.3 52921.4 10448.6 
28 DAP 43951.7 24218.3 5610.5 23321.3 3415.1 47539.6 9025.6 
Significance ♦ ««« 
Control vs. 
herbicide 
Among 
herbicide ns 1***, q* ns ns 1***, q* 
CHAPTER IV 
REDUCED RATES OF METOLACHLOR AND ATRAZINE IN 
COMBINATION WITH CULTURAL PRACTICES 
4.1 Introduction 
The purpose of the research described in this chapter was to determine the 
effectiveness of reduced rates of metolachlor and atrazine in combination with 2 
cultural practices on weed control and com yield. The objective was to investigate 
means to reduce the amount of these 2 com herbicides while maintaining acceptable 
weed control with no yield reduction. 
Four sweet com experiments were initiated in 1988 at the University Research 
Farm in South Deerfield, Massachusetts to study the effects of reduced rates of 
Metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1 - 
methylethyl)acetamide] and Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-s- 
triazine] broadcast or banded in combination with mechanical cultivation. 
4.2 Materials and Methods 
In 1988, cultivars "Sprite" and "Sweet Sue" (Harris-Moran, Rochester, NY) 
were planted 22 April and 3 June 1988, respectively. Each planting was divided into 
row spacings of 75 and 90cm, with each row spacing constituting a separate 
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experiment. Each experiment was layed out in a split-block design with 80 plots 3 
com rows wide by 6.1 meters long. For each experiment there was a range of five 
herbicide rates, banded or broadcast herbicide application, and presence or absence of 
post-plant cultivation, for the two row spacings. Table 4.1 reports the experimental 
design for the 4 experiments. Compounds were applied with a CO2 back pack 
sprayer with 800LP nozzles held approximately 45cm above ground at 15 PSI. Soil 
is Hadley Loam. 
All plots were fertilized with 560 kg/ha 10-10-10 at planting, and sidedressed 
4 weeks post-emergence with 56 kg/ha actual N as ammonium nitrate. Cultivation 
was with a 3-row Lilliston cultivator. 
Weeds were sampled approximately 8 weeks after planting, and again at 
harvest. At each sample date weeds were cut at ground level in two 0.5m by 0.5m 
quadrats in each plot and the above-ground material sorted into grass and broadleaf 
species, with predominant species noted, and oven-dried for dry-weight biomass data. 
Com harvest data were collected for the four experiments in 1988. Ears in the 
middle three meters of the center row of each plot were harvested, sorted into 
marketable and non-marketable ears, counted, and the field weight recorded. 
Marketability was determined according to size by approximate minimum husk-on 
dimensions of 49 mm diameter by 216 mm length for ’Sprite’, and 57 by 254 mm for 
’Sweet Sue’. 
Table 4.1 reports the experimental design for this experiment. Orthogonal 
polynomial comparisons, as described in detail in the Materials and Methods section 
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in Chapter III (pages 43-49), were used in the analysis of the data. The 5 herbicide 
rates employed in all 4 experiments were of unequal intervals. These coefficients 
were -8.8, -3.8, -0.8 2.2 aa.2 for the linear coefficients and 59.69, -18.55, -41.48, - 
46.42 and 46.76 for the quadratic comparisons. 
4.3 Results and Discussion 
4.3.1 Early Season Weed Pressure 
4.3.1.1 Early Planting (’Cultivar’ Sprite) 
Figures 4.1 and 4.2 report the average monocot and dicot weed pressure for 
all treatments (i.e. broadcast with and without cultivation, and banded with and 
without cultivation) 8 weeks after the com was planted for the 2 row spacings. Both 
row spacings exhibited similar trends in weed control. The monocot and dicot 
pressure decreased in a statistically significant linear and quadratic manner as the 
herbicide rate was increased. The monocot weed pressure was greater than the dicot 
weed pressure in all cases. 
Figures 4.3 through 4.10 report the monocot and dicot weed pressure 8 weeks 
after planting for the 4 different treatments at both row spacings. When the herbicide 
was broadcast (Figures 4.3, 4.4, 4.7 and 4.8) the weed pressure was very low. 
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However, when the herbicide was banded (Figures 4.5, 4.6, 4.9 and 4.10), the 
monocot weed pressure was much higher. 
Early in the season, one cultivation had a dramatic effect on the dicot weed 
pressure in the control plots and when the herbicide was banded (Figures 4.6 and 
4.10). The effect on the monocot weed species was not as significant. 
4.3.1.2 Mid-Season Planting (’Cultivar’ Sweet Sue) 
Figures 4.11 and 4.12 report the average monocot and dicot weed pressure 8 
weeks after the com was planted for both row spacings. The weed pressure for these 
plantings, especially for the narrower row spacing, was much lower at this sampling 
date than for the early planting. There are two possible reasons for this response 
difference. 
The most probable reason is the difference in the adjustment of the cultivator. 
The Lilliston cultivator was adjusted for the mid-season planting so that it dug deeper 
into the soil than for the early planting. The tines were also positioned at a sharper 
angle so that there was more soil thrown into the com row. This soil covered many 
of the weed species that had germinated in the com row. 
Another factor which probably contributed to more effective control is the 
difference in size of the early and mid-season cultivars. The mid-season variety was 
much taller which gave it a denser canopy than the early-season variety. It is well 
established that larger varieties compete more vigorously with weed species. 
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The weed pressure for the 75cm row spacing was lower than the weed 
pressure for the 90cm row spacing. The narrower row spacing may have been a 
factor; however it is probably due to the cultivation. Only 2 planters could fit on the 
tractor when the com was planted at 90cm whereas 3 planters could fit behind the 
tractor for the 70cm row spacing. This meant that 1 pass of the tractor for the 
narrower row spacing constituted the width of 1 plot. This ensured very uniform 
spacing within the plot for the narrow row spacing, but there was more variation in 
the wider row spacing. For this reason it was easier to make finer adjustments on the 
Lilliston cultivator for the narrower row spacing so that the tines came closer to the 
com and got more of the weeds. 
Figures 4.13 through 4.20 report the monocot and dicot weed pressure 8 
weeks after planting for the main season crop. As was the case for the early planting, 
weed control was very good early in the season when the herbicide was broadcast. 
Since the cultivation was more effective for the mid-season varieties, especially at the 
narrower row spacing, the weed control achieved when the herbicide was banded with 
a single cultivation compares very favorably to when the herbicide was broadcast. 
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4.3.2 Weed Pressure and Com Yield at Harvest 
4.3.2.1 Early Planting 
Figures 4.21 and 4.22 report the average weed pressure (separated by monocot 
and dicot species) and the marketable com yield for both row spacings. There is a 
statistically significant linear and quadratic decrease for both monocot and dicot weed 
species with a concomitant increase in com yield. With both row spacings, the 
monocot weed pressure was much higher than the dicot weed pressure. The dicot 
control was very good even at the lowest herbicide rate of 0.56 kg/ha ai, especially 
for the narrower row spacing. 
Figures 4.23 through 4.30 report the weed pressure and marketable yield for 
the 4 different treatments at both row spacings. When the herbicide was broadcast 
without cultivation (Figures 4.23 and 4.27) the dicot weed control was very good at 
all herbicide rates. The monocot weed control was good at the 2 higher rates, 
however the control was not effective at the 0.56 and 0.90 kg/ha ai rates. However, 
this monocot pressure was greatly reduced at the lower herbicide rates with a single 
cultivation (Figures 4.24 and 4.28). 
The com yield responded to the weed pressure. When the herbicide was 
broadcast, the yield was highest for the 2 herbicide rates that had good weed control. 
There was a yield reduction with the monocot weed pressure at the 2 lowest herbicide 
rates. It is probable that the monocot weed species at these lower rates competed 
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with the com for moisture and nutrients which caused this yield reduction. A single 
cultivation (Figures 4.24 and 4.28) decreased the monocot weed pressure and 
subsequently increased the com yield. 
The banding of the herbicide was much more effective in controlling dicot 
weed species than monocot species (Figures 4.25 and 4.29). One possible reason for 
this phenomenon may be the postemergence effectiveness of atrazine, an activity that 
metolachlor does not possess. It is possible that some dicot weed seedlings outside of 
the 25cm band received some of the spray as the herbicide vaporized leaving the 
spray nozzle. 
The high weed pressure when the herbicide was banded caused much lower 
yields than when the herbicide was broadcast. A single cultivation was able to 
slightly decrease the weed pressure (Figures 4.26 and 4.30) and increase com yield; 
however, these yields still do not compare favorably with the yields attained when the 
herbicide was broadcast, and would not be commercially acceptable. 
4.3.3.2 Mid-Season Planting 
Figures 4.31 and 4.32 report the average weed pressure and the marketable 
ears for both row spacings. The monocot weed pressure was lower for the mid¬ 
season variety than the early variety due to the effectiveness of the cultivation. 
It appears this variety is able to compete more effectively with weed species 
than the variety used for the early planting. Figure 4.23 reports the total weed 
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pressure and marketable yield for the early variety when the herbicide was broadcast 
with no cultivation. With over 5000 kg/ha dry weight of weeds in the control there 
was no marketable yield. Figure 4.33 reports the same treatment for the mid-season 
variety. With similar weed pressure there were almost 12000 ears/hectare. It is 
suggested that the size of the 2 cultivars is responsible for this response. The early 
season variety is much smaller than the mid season variety which would make it less 
adapt to compete with weed species. 
Figures 4.33 through 4.40 report the total weed pressure and marketable yield 
for the 4 different treatments at both row spacings. A single cultivation was very 
effective in reducing weed pressure in all experiments. This cultivation further 
lowered the monocot weed pressure when the herbicide was broadcast and 
dramatically lowered both monocot and dicot weed pressure in the controls and when 
the herbicide was banded. 
Banding the herbicide with 1 mechanical cultivation at the narrower row 
spacing achieved yields similar to those attained by broadcasting the herbicide. 
Figure 4.36 reports the weed pressure and yield when the herbicide was banded with 
1 cultivation. The yield attained with the rate of 0.9 kg/ha ai was as high as when 
the herbicide was broadcast with cultivation (Figure 4.34). 
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Table 4.1. Experimental design for reduced rates of metolachlor and atrazine in com in 
1988. 
Source df 
Whole Plots 
Block 3 
Treatments^ 3 
Cultivation 1 
Application 1 
Cultivation/Application 1 
Block*Treatment (Error) 9 
Split Plots 
Rate^ 4 
Treatment*Rate 12 
Rate*Cultivation 4 
Rate*Application 4 
Rate*Application/Cultivation 4 
Block*Rate 12 
Block*Treatment*Rate M 
Total 79 
'Herbicide broadcast, herbicide broadcast with cultivation, herbicide banded, herbicide 
banded with cultivation. 
^Active ingredient in kg/ha for metolachlor and atrazine, respectively: 0/0, 0.34/0.22, 
0.56/0.34, 0.78/0.45, 1.46/0.78. 
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CHAPTER V 
REDUCED RATES OF METOLACHLOR AND ATRAZINE IN CORN: 
ON FARM RESEARCH 
5.1 Introduction 
The purpose of this research was to study the response of low rates of 
metolachlor and atrazine on weed control on farms in Massachusetts. The objective 
was to demonstrate to growers that lower rates of these herbicide could be applied 
while maintaining acceptable weed control. 
The experiments were implemented in 1987 and 1988 by the University of 
Massachusetts, Amherst to observe the effect of reduced rates of metolachlor [2- 
chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy- 1-methylethyl) acetamide] and 
atrazine [2-chloro-4-(thylamino)-6-(isopropylamino)-s-triazine] on weed pressure at 
selected farms in Massachusetts. 
5.2 Materials and Methods 
In 1987 there were fourteen experiments implemented across the state (Figure 
5.1). The herbicide used in 1987 was Bicep, a formulation of metolachlor and 
atrazine. Each planting had a completely randomized block design having 4 
replications with plots 6-meters long by 3 com rows wide. There were 5 rates of the 
90 
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herbicide applied in 1987: 2.52, 1.25, 1.00, 0.67 and 0 kg ai/ha. Each herbicide rate 
had 1 liter/hectare crop oil (Booster + E, Agway) added. At each location the 
herbicide was sprayed at the ’spike stage’ of the com (at or very shortly after com 
emergence). Compounds were applied with a CO2 back pack sprayer with 8002LP 
nozzles held approximately 45 cm above the ground at 15 PSI. 
In 1987, weeds were sampled approximately 4 weeks after planting and again 
at com harvest. At each sampling date, for a 0.125 m^ quadrats in each plot, weeds 
were cut at ground level, the above-ground material sorted into monocot and dicot 
species, with predominant species noted, and oven-dried for dry-weight biomass data. 
In 1988, there were 4 experiments implemented on farms in the state (Figure 
1). There were 2 rates of herbicide employed in 1988. Rate 1 was 1.46 kg ai/ha 
metolachlor and 0.78 kg ai/ha atrazine; rate 2 was 0.78 kg ai/ha metolachlor and 0.45 
kg ai/ha atrazine. Each rate had 1 liter/hectare of crop oil (Booster 4- E, Agway) 
added. Each treatment was applied to a much larger land area than 1987 and not 
replicated on the farm. The herbicides were applied by PTO-driven, tractor mounted 
sprayers at the com spike stage. Weeds were sampled approximately 4 weeks after 
emergence (as opposed to 4 weeks after planting as in 1987), and again at harvest. 
At each sampling date 10 0.125 m^ quadrats were placed randomly in each treatment, 
with weed samples handled as they were in 1987. 
Orthogonal polynomial comparisons, as described in detail in the Materials and 
Methods section of Chapter III (pages 43-49), were used in the analysis of the data. 
The 5 herbicide rates employed in 1987 were of unequal intervals. These coefficients 
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were -1, -0.4, -0.1, 0.2, 1.3 for the linear comparisons and 3.85, 0.9, -0.25, -1.25 
and -3.25 for the quadratic comparisons. 
5.3 Results 
5.3.1 1987 
5.3.1.1 Weed Pressure 4 Weeks After Planting 
Figure 5.2 reports the grass and broadleaf weed pressure 4 weeks after the 
com was planted for the average of the 14 sites. The monocot and dicot weed 
pressure were essentially the same in the control plots (214 and 221 kg/ha dry weight, 
respectively). However, the dicot pressure decreased the greatest amount for the 
lowest herbicide rate and remained very low for the other three rates. The monocot 
weed pressure also decreased from the control, but not as dramatically as the dicot 
weed pressure. 
Figure 5.3 reports the total weed pressure 4 weeks after planting for the 
average of the 4 dairy farms and the average of the 10 sweet com farms. There was 
a great difference in the weed pressure early in the season between the dairy farms 
and the sweet com farms at all five rates. In the control, the dairy weed pressure was 
more than 2.5 times greater than the sweet com pressure. The weed pressure 
decreased in a highly significant linear and quadratic manner for both dairy and sweet 
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com farms. However, the average weed pressure for the sweet com farms was much 
lower than observed on the dairy farms for each herbicide rate. 
Figures 5.4 and 5.5 show the grass and broadleaf pressure for the sweet and 
dairy com farmers, respectively. The sweetcom and dairy farms had better dicot than 
monocot weed control for the 4 herbicide rates. Figures 5.6 through 5.15 show the 
weed pressure at the 10 sweet com farms and Figures 5.16 through 5.19 show the 
weed pressure for the 4 dairy farms. 
5.3.1.2 Weed Pressure at Com harvest 
Figure 5.20 reports the monocot and dicot weed pressure at com harvest for 
the average of the 14 farms. The monocot weed pressure was higher in the control 
plots than the dicot weed pressure (3,200 and 4,000 kg/ha dry weight, respectively). 
Both monocot and dicot weed pressure decreased in a highly significant linear and 
quadratic manner with the increased herbicide rates. However, as was the case early 
in the season, the dicot weed pressure was much lower for each of the herbicide rates 
than the monocot pressure. 
It is speculated that the formulation of Bicep used in 1987 may be partly 
responsible for the relatively poor grass control. The percent active ingredient of 
metolachlor and atrazine in the Bicep formulation was 56% and 44%, respectively. 
The amount of atrazine present at these reduced rates of this formulation of Bicep 
appear to be sufficient to deliver good control of the dicot weed species present at the 
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respective farms. However, this does not appear to be the case with the metolachlor 
for the grass control. It is based on these results that Bicep was not used in 1988. 
Instead, mixtures of metolachlor and atrazine were generated with a higher percent 
metolachlor relative to the amount of atrazine. 
Another possible reason for the difference in weed control obtained with these 
compounds in 1987 is the postemergence effectiveness of each. Atrazine has been 
shown to be very effective on broadleaf seedlings after they have emerged, especially 
with the addition of a photobland crop oil. Metolachlor does not possess this efficacy 
on grass seedlings after they emerge from the soil. Since these materials were 
applied early postemergence, some weed seedlings may have emerged from the soil. 
The broadleaf species would have been controlled while the grass species proliferated. 
Figure 5.21 compares the average total weed pressure of the four dairy farms 
and the average of the ten sweet com farms at com harvest. The total weed pressure 
is much higher on the dairy farms for each of the five rates. It is speculated that a 
major reason for this increased weed pressure on dairy farms is the increased organic 
matter content of the soils found in dairy soils. It is a common practice in dairy farm 
production to add manure to the fields to help fulfill nutrient requirements. Previous 
research has shown that triazine herbicides are made unavailable to germinating weed 
seeds by organic matter. The higher the organic matter content, the more the 
compound is made unavailable. This is mostly due to the adsorption of the herbicide 
at the liquid-solid interface of the soil colloids (Kells, 1980). Metolachlor has also 
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been shown to be made unavailable by organic matter, but not to the extent of 
atrazine (Weber and Peter, 1982). 
Another possible reason for the difference in weed pressure between the 2 
different farming systems is the addition of weed seeds in the manure. Previous 
research has shown that certain weed seeds that are consumed by cows will remain 
viable after they pass through the animals. In this way the seed bank is increased 
when the manure is added to the fields. 
A third possible reason is cultivation. It is rare that a dairy farmer in this 
state will cultivate com. However, it is a much more common practice among some 
sweet com growers (including several of the cooperators that were part of this study) 
to employ one mechanical cultivation. Mechanical cultivation will intermpt the life 
cycle of weeds that were able to germinate despite the herbicide applied and will stop 
them from going to seed and increasing the seed bank. 
Figures 5.22 and 5.23 show the monocot and dicot weed pressure for the 
sweet com and dairy farms, respectively. Figures 5.24 through 5.33 show the weed 
pressure at harvest for the 10 sweet com growers and Figures 5.34 through 5.37 
show the weed pressure for the 4 dairy farms. 
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5.3.2 1988 
5.3.2.1 Early season weed pressure 
Table 5.1 reports the weed pressure for the 4 cooperators 8 weeks after 
planting and at com harvest for both of the rates applied in 1988. Two cooperators 
(Deerfield, Seekonk) had no weeds present 8 weeks after planting for both rates. The 
highest weed pressure was encountered at the farm in Ipswich. The grower indicated 
that this had been a problem field for him, indicating a field that has had a history of 
high weed pressure. In addition, it had not precipitated for an extended period of 
time before the application of the materials. Previous research has shown that water 
activates these compounds and allows them to be taken up by germinating weed 
species. 
5.3.2.2 Weed pressure at com harvest 
The highest weed pressure was at the farm in Ipswich. For both rates, the 
monocot weed pressure was much higher than the dicot weed pressure. As mentioned 
above, it is speculated that the high weed pressure and dry conditions were 
responsible for this weed pressure. It was also observed that there was poor 
germination in this field, probably due to the dry conditions at planting. This made 
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for a very uneven crop canopy in many areas which allowed more weeds to flourish 
than would have given a complete canopy closure. 
The experiments at Deerfield and Seekonk had higher weed pressure for the 
higher rate than the lower rate, although this weed pressure was extremely small. In 
the case of Deerfield, it was the weed species quackgrass. This is a perennial weed 
that is not controlled by these 2 herbicides. This weed was only found at 1 of the 10 
samples taken for this rate. At Seekonk, it was only broadleaf species which 
germinated very late in the season. These species were approximately 5 cm tall and 
were not producing seed. 
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CHAPTER VI 
CONCLUSIONS 
Weed pressure was dramatically lowered with the use of the herbicides 
metolachlor and atrazine. In general, the monocot weed species were more difficult 
to control than the dicot weed species. These results demonstrate that the potential to 
lower the amount of atrazine significantly from current recommendations is much 
greater than the amount of metolachlor. 
It must be strongly emphasized that the weed control achieved with these 
herbicides will depend greatly on the weed species to be controlled. The monocot 
and dicot weed species that were encountered in the 2 years of research at the 
Research Farm in South Deerfield are common to Massachusetts and are known to be 
controlled by metolachlor and atrazine. However, there are certain weed species that 
are resistant to these herbicides. Some of the farms that were part of the study in 
1987 (Chapter IV) did not respond well to these rates of herbicide due to resistant 
weed species present. Velvetleaf (Abutilon theophrasti), quackgrass (Agropyron 
repens) and yellow nutsedge (Cyperus esculentus) are examples of weeds that are not 
controlled by these herbicides. Other management strategies should be implemented 
if resistent weed spiecies are known to be present. 
The results reported in Chapter II demonstrate the importance of the time of 
application of these herbicides. Most growers in this state apply herbicides at 
118 
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planting. By delaying the application until the weeds begin to germinate (early 
postemergence of the com) the amount of herbicide can be decreased. 
It is important that the field is disked shortly before planting, if not the same 
day. If the field is prepared long before planting, weed seedlings will begin to 
emerge before the com. Monocot weed species will not be controlled by these 
herbicides after they emerge from the soil. 
The lowest rates on the registered label for these 2 herbicides in combination 
are 1.4 kg/ha ai of metolachlor and 1.12 kg/ha ai of atrazine. The results reported in 
Chapter III show that rates as low as 0.78 kg/ha ai of metolachlor and 0.45 kg/ha ai 
of atrazine give season-long weed control with no yield reduction. This represents a 
50% reduction in herbicide from the lowest rate on the label. However, the cost is 
not reduced by 50% due to the addition of the crop oil (Table 6.1). 
A single cultivation was very effective in reducing even further the amount of 
herbicide needed to give season-long weed control. Some experiments showed 
excellent weed control and no yield reduction at the herbicide rates of 0.34 kg/ha 
metolachlor and 0.22 kg/ha atrazine. This is a 77% reduction in herbicide from the 
lowest rate on the label. 
Only one of the four experiments reported in Chapter III showed positive 
results when the herbicide was banded followed with one cultivation. In this 
experiment, no yield reduction was observed with the rate of 0.19 kg/ha ai of 
metolachlor and 0.11 kg/ha ai atrazine. This is an 85% reduction in herbicide from 
the lowest rate on the label. 
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The fact that the banding of the herbicide showed positive results in only one 
of the four experiments points to the potential risks in this management practice. It is 
highly dependent upon timely and skilled cultivation. 
121 
Table 6.1. Cost of the herbicides metolachlor, atrazine and the crop oil 
Booster+E at different rates. 
Rate (kg/ha ai) 
Metolachlor Atrazine 
Broadcast 
Herbicides 
Price* ($/ha) 
Crop Oil Total 
1.40“ 1.12“ $31.02 -- $31.02 
1.46 0.78 $29.87 $5.67 $35.54 
0.78 0.45 $16.17 $5.67 $21.84 
0.56 0.34 $11.71 $5.67 $17.38 
0.34 0.22 $7.20 $5.67 $12.87 
Banded”* 
0.49 0.26 $10.01 $1.89 $11.90 
0.26 0.15 $5.38 $1.89 $7.27 
0.19 0.11 $3.94 $1.89 $5.83 
0.11 0.07 $2.31 $1.89 $4.20 
'Prices obtained December 17, 1990 
“These rates of metolachlor and atrazine are the lowest rates on the label as of December 10, 1990 
“Tate on an area basis is 1/3 rate within the band 
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